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This ddcument consists
1 pages. G‘gé”ﬁ
STATUS OF GROUND CONTAMINATION PROBLEM
(This” includes Tabls of
1. Introduction : - . — - Contepts)

Since January 1954 there have been several emissions of radio-ruthenium
particulates from the Redox stack that have collectively established a
ground contarination pattern more severe than any that has been observed
at this site in previous years. Informal status reporte on this topic
have been submitied to you from time to time. The purpose of this xe-

port is to bring such reports up~-to-date, and particulerly to outline the
current situation as it affects off-project locatlons.

2. Sequence of Contaminating Events

R (RO

The history up to July, 1954 bhas been documented. (Ref: D.P. Ebright
to W. A. McAdams "A History of the Redox Ruthenium Problem" - HW=-32473.

T-16-54)

There follows a brief review of the salient features in note form.

(1) March 8, 1952 failure of caustic scrubber. local contamination B 1

(2) April 3, 1952 highly active particle (40 rads/hr) found on survey i
ingtrument

(3) April 29, 1952 widespread contamination in Redox areas readings
up to 800 mrads/hr. program of exam’ning deposi-
tion on gluss fiber mats began
large flaky particles of ammonium nitrate carry-
ing Ru contamination
) September 1952 30-fold increase in particle deposition
} August 1%, 1653 large fragments of ammonium nitrate. up to several
inchen length and width and 3/b inch thick. |
curvature compatible with origin in astack liner. :
dose rates up to 15 rads/hr E
(7) Sept. 5,6, 1953 approximately 115 curies of ruthenium released.
no apecific depoasition prodlem reported.
(8) Jan. 2, 1954 - approximately 260 quries released. narrow band
of contamination northeast, detectable as far as
Spokane. general ground contamination up to
7.5 rads/hr in vicinity of Redox plant. Access
controls applied.

— [CLISSIFIED
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(9) Jan. 5, 1954 approximately 70 curies. possibly caused by stack flush-
ing. contamination local to Redox area

(10) April 24, 195% small contaminated area found one mile from Redox plant.
emission date ot known. transfer by wind action unlikely

because main ground deposition at this time appeared to
maintain position

(11) May 22, 1954 strip of contamination north through 100-B Area and on to
Wahluke Slope
(12) May 24, 1954 gimilar strip east through construction areas in 200-E.

construction halted and 300 acres of affected ground
cleaned
(13) June 10 - -

July 18, 1954 Redox plant shut down. improvements to stack air system
made

(14) June 20, 195% contamination detected outside perimeter barricade in
direction of Richland. Richland itself essentially clean

(15) June 2B, 1954 ten-fold increase in activity levels on control plots es-
tablished around Redox plant in January. believed due to

) release of old materlial from stack itself

(16) August, 1954 plan developed to control access to areas off roads in

about one-half of the reeexyation (Refs.: 1 - Letter, E.M.

Parker to D.F. Bhaw - Control of Ground Contamination

HW-32808. 8-19-5k.

2 - Advice to Management Information Group - Control of

Ground Contamination - 8-20-5k)

(17) 1ate August,

195k contamination spread off-site.
Examples: Richland - approx. 1 particle per 1000 sq. ft.
vn grassy areas, 1 per 3000 sq. ft. on bare areas.
maximum dose-rate about 180 mrads/hr.
contamination at Ringold, Mesa, Benton City, Enterprise -
max. TOO mrads/hr. Contamination probable but not yet
measured in all other local communities.
This spread is presumed due to wind action.

(18) August 30,1954 current status again reported verbally to AEC by W. E.
Johnson and H. M. Parker., Commisaion proposal is to
control whole of reservation. Dr. Bugher, Div. of Blology
and Medicine will be asked to visit the site for consulta-

DECLASSIFIED -

Some of the listed events were caused by large emissiona recorded by stack monitoraofh
Others clearly occurred at times when stack monitor readings were normal. Almost

beyond question, these were due to release of coating matcrial fron the stack
liner.

3. Comments on Depusiticn

.....

The evidence on subsequent motion of once deposited particles is conflicting. The

heavy pattern luid down in early January was generally maintained, although indivi- -
dual particlee vere found to be mobile.

certainly due to wind action.

The recent shift in late August was almost
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A plausidble explanation is that ¢rue primary emissions occur as small particles
that attach themselves to vegetation or sand. Subsequent mobility will be
determined by mobility of the host. Becondary emissions as larger particles
may be more freely mobile in the wind, once they are on the ground.

As a graphic illustration of the severity of the current deposition at off-
reservation locations, one can picture the entire population of Richland lying
unclothed on the ground for one day. There would be about 25 fdentifiable
particles in contact with skin; not more than three would be in an activity

type range that could produce a significant effect; not more than one would
probably produce en effect.

Nature of Particles

The primary small particles are presumably composed principally of ruthenium
oxide Ruoq. Typical dimensions are on the order of 2 microns.
activity &f such a particle is S5 x 10-3 éu « Its survey dose-rate would be
approximately 0.5 mrad/hr. The particles of main current concern are large,
typically about 100 microns across, with dose-rates up to 20 rads/hr and
activities up to about 200 mec. These must be some form of aggregate on a
carrier base, which is sometimes ammonium nitrate and sometimes sand. Com-
plete categorization of particle types is laborious and is not being pressed at
this time. On the whole, the particles are about one part active ruthenium

oxide to 40 parts inegt carrier. The contaminants in the garticles %re prpdomi~
nantly RulO3 and Rul®® and their respective daughters Rhl®3 and Rn10

daughters have short half-lives. Therefore, the ruthenium parents control the
rate of decay.

The maximum

The radiochemistry of individual particles undoubtedly varies.

Typically, the
content of dangerous isotopes other than ruthenium is:

8trontium-89 and Strontium-90 <€ 0.3% E
Rare earth plus ytirium <l.,0%
Zirconium <0.5%

The ruthenium content is on the order of 98%, although this has not been demon-
strated Ly precise radlochemical balance. ‘

Particles collected on the input side of the process sand filter have a demon-
strably different composition, since this stream collects fission product
activity from steps in which ruthenium is not being specifically separated.

These particles typically contain adbout 80% ruthenium-103 and 106, 1C -~ 15%
rare earths and 1 - 2% strontium-89 and 0.

The calculations in this review are based on the typical emitted particles with
all the mctivity considered 40 be due to ruthenium.

Life of ihe Particles and Persistence of the Problem

The relevant half lives are Rul°3

40 days
Ru106

1 year

DECLASSIFIE] e
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-iation, and can therefore be used as a measure of the age of particles.

HW-~33068

The isotopic ratio Ru§93’§h106 is a function of the time after reactor irrad-

Current process material has an isotopic ratio of 2 tg_h. Hany_of the par-
ticles on the ground originally showed ratios in the range of 0.k to 1.0.
This is compatible with a hold-up in the stack of tetween two and four months.

Since the start-up of the Redox plant in July, emitted particles have shown
the low isotopic ratio of 0.8 to 1.0. Presumably, the emissions are now prin-
clpally purges of previocusly held-up materiasl.

New particles will have a mixed decay rate characterized by:

Flrst half life 2 months

Second half life 3 months

Third half life 7T months -

Subsequent half lives approximately 1 year

The contamination problem for new particles should be down to 12% of its
original intensity in one year, and will thereafter show a one year half-life. o
For the existing pattern of contamination, the intensity of the problem should
be down to 20% of its present value in one year, and will thereafter show g
half life of one year. Unfortunately, the hazard is geverned more by Rul®

than by Rut0 The true persistence will be greater than is indicated by total
decay, and may approximate a half-life cf one year throughout.

Persistence may be reduced by some dissolution of the particles by rain and by
cover by naturally blown sand and dust. We are unable to evaluate these fac-
tors at present.

o neige ~ DECLASSIFIER

The particles, normally classed as relatively insoluble, in fact show variable
and fairly high wliimate solubility. Particles in the inhalable range wers
tested 1in serum to similate lung conditions. 8S8olubility in 36 hours ranged

between 40% and 8C%, depending on the size fraction used, with an over-all
average of T0%.

e

fu

Large particles (several bunired micronz diameter) were tested for ingestion £
hazard by solution in simulated gastric juice. Soludility in 48 hours, approx~ .

imately the maximum travel time through the gastro-intestinal tract; wvaried AR
from 3% to 70%. Such variadllity is presumably related to the different methods
of binding of active material and inert carrier in the large particles,

The solubility in rain water has not been directly measured. The persistence
of contamination patterns through a rainstorm of O.% inch is enough to demon-
strate that solubility is not spectacular. Converaely, around roof drains

there ias evidence of generalized activity probably by solution of material on
roofs, Lhough possibly due to a multitude of very small particles washed down

as such.

S T
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Biological Experiments - _

Uptake of ruthenium in the gut of rats was measured for particle and solution
contamination; uptake from solution was 10U-fold greatler. Bowever, local
experiments show uptake also 100-fold greater than the values quoted in NCRP
Handbook $2. Provisionally, permisaible dose for ingeation can be reasonadbvly
computed directly from the handbook, as the two factors would compensate,

Lung exposures are in process, but there are no results to date. In one human
case, clearance of ruthenium activity from the lung had a bioclogical half-
1ife of two to three weeks.

Large particles were applied tc the skin of pigs for five to seven days.
Results weres : : Ty

Survey Dose Rate | Total Skin Dose Effect

mrads /hr rads
100 -~~~ 500,000 none visible
730 7~ 900,000 reddening
2,500 7~ 2,000,000 desquamation
11,000 ~~ 6,000,000 tissue destruction
21,000 ~ 7,000,000 tissue, destruction 2 cm

across; 8 mm deep

Total dose refers to the hot spot directly below the particle, and is walid
only as to order of magnitude.

Qualitatively, damage does not set in at as low a dose as anticipated, dut
at very high dose, it is pernaps more extensive than was anticipated.

Pig skin and human skin are sufficiently alike that if the pig can wear a

koo mrad/hr pariicle for five days, I would be willing to wear one for one _
day.

Numerous researches are in progress to determine the effect of ruthenium
solutions on plants etc. to provide data on hazards from dissolved particles.

Contamination of Vehicles and Personnel

The pick-up of particles on vehicles and the subsequent risk of such parti-
cles creating a secondary hazard has been studied fairly extensively (Ref:
E.V. Clukey €t al Emergency Study - Hanford Vehicle Contamination HW-31800
5/21/54) The hazard from this aource is not expected to be large.
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A striking feature of the contamination has been the low incidence of demon-
strable contaminaticon of personnel doing ronitoering or other work in areas
infested hw particles, About three such cases have been reported in which
a particle has contrived to lodge behind a belt or find a similar protected

place. In general, the particles yust be rather readily dislodged from

their position on skin or clothing. EEL&SS!FIE Y

Ground contaxination wvas found in orchards and field crop areas. Crops
tested include 2500 peaches, 2 lugs of plums, 2 lugs of grapes, 1500 apples,
k0 ears of corn and &0 tomatoes. Xo particulate contamination whatsoever

vas detected. Crops from affected areas have been allowed to proceed to
market. -

Crop and Livestock Contamination

We have considered the hazard to catile and other livestock. On the Wahluke
Slope, cattle droppings are demonstrably contaminatéd. However, the avall-
able contamination should not present an appreciable direct hazard to live-
stock. As a secondary hazard to ran, one need consider only kidney and liver..
We were interested in obtaining such organs from local stock, but could not
do it without risk of exciting too much comment. As kidney and liver are a

low percentage of the rormal diet, it seems safe to assume that the hazard to
mar would be insignificant.

Note on Dosimetry

All f1cld data on the particles are reported in mrads per hour as mnonitored

under standard conditicoms. Calculation and measurement of the true contact

dose rates are in approximate agreement. Typical values are given in

Appendix A. Briefly here a particle reading 1?8 mra%s per hour has a diameter
of approximately &0 /e and contains 1.1l Rui035100 ana a particle reading
1 rad.per homr has a'diameter approximatély 120 M and contains 11 Jac.

Tha 100 mrad per hour perticle in skin contact for 2k hours delivers approxi-
mately 160,000 rads at the contact point. Delivered over a large area such a

dose would be devastating. Over the minute area involved here, the effective
axposure is much less.

e.g. 160,000 rads at contact -
16,000 rads at 0.22 zm radius
1,600 rads at 0.56 mm radius
160 ruds at 1.7 mm radius
16 rads at 5.0 = radius

Over a 1 cm diameter circle, the dose varies by 5 orders of magnitude. Ny .
best guess at the effective dose {and it is little more than a guess) is that
{t would be comparable with 200 to 2000 rads over an extended area. If the
low value ia about right, there woxld be no vieible effect. If the high

value is about right, there would be tanning, persistent erythema and perhaps
sone degree of desquamstion.
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By comparison with the statements in Section T, it may perhaps be inferred
thet I really anticipate that a 400 mrad per hour particle for one day
wonld not produce move damage than severe erythema or desquamation on human
skin - that is an extended dose of about 1200 rads. In other words, I

suspect that the nominal effectlve range, above, of 200-2000 rads centers
around approximately 300 rads.

This point can be answered only by buman experimentation. This appears to
be an entirely safe procedure, and four volunteers are available. As an
added precaution, the opinion of selected persons familiar with dveta-ray

exposures is being solicited first. E Légg

Particles of the activity found in Richland and other neighboring
communities can give skin contact doses well above conventional safe
1imits. However, as shown above, it can reasonably be expected

that actual injury to any individual will be elther absent altogether
or limited to reddening over an area of less than 1 cm®. At the
worst, there would be a small necrotic area, perhaps comparable with
the effect of plunging a lighted match head on to the skin. My best

guess is that this would not happen in one day's contact with the
hottest known off-site particle.

Biological Hazards in Richland and Vicinity

a. PExternal Radiation

. JIghalation

Inhalation into the lung is essentially limited to particles under
5&43 dismeter. The hottest possible particle of this size, without
cafrier, would contain 0.08 juc Ru. The typical small particle would
contain not wors than 0.01 Ac. In the 2 m range, more probable for
inhalation, the maximum t{vity 1s 5 x 1043 jc. The permissible

inhalation load of Rul®® 1s 0.6 mc/day. The apparent hazard of lung
deposition, off-site, is therefore low.

Some larger particies could be retained temporarily in the upper
respiratory tract. These would characteristically be moved by ciliary

processes, and the chance of significant irradiation 1s low. (See
Appendix B)

The lung deposition limit is predicated on soluble material. The
hazard from that portion that may be effectively insoluble is daifficult
+o evaluate. Calculation would show the possibility of highly

localized exposures up to 60 rads/hr. I believe that most experts
would not be wlarmed by the particulate inhalation risk at these levels.

- A
Co. 3 aval

hv
F
i

The permisaible daily ingestion is about 200 /nc/day. With ground
Aeposits not in excess of 0.5 /uc per 1000 sqi ft. and the maximm
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single particle activity (off-site) of approxizately 15 » this hazard - “: 2 :
even to children playing, is remote. Similarly, crop or frudtl contaxira-
tion would have to be very severe before restrictions vere needed.

However, the quoted limit is based on assumed uniform dispersion of the
material ir food or water. As particulates, ome could visualize a )
situation in which some local-irradiation of gut lining occmxred, and

if this led tc puncture of the gut wall, the sitmation would be un-
favorable. I do not believe that this is possidble, but others with
vetter knowledge of human physiology could offer more definitive opin-
jons on this point. (See Appendix C) ’

In surmary, although there are definite areas of uncertainty in the
biological evaluation, it is my opinion that the severity of injury of
any person at off-site locations under the present conditions of measuwre-
ment would be minimal; in addition, the probability of contact with
active particles under disadvantageous conditions 1s low. Haltiplyling

total risk is believed to be low.

o, biotopess gosats on s eseremste NECLASSIFIER

a.

these factors of minimal severity and low probability of occurrence, the |

External Radiation

The available particles on site are more copious by a factor of at 2east .
100, and the maximum activity is as much as 0 times greater. Recognizable:’

severe skin damage is possible and the chance o7 1its occurTence quite
finite. _

Control is being maintained by regulating access to the wvorst areas.
Currently, there are demonstrable weaknesses in the control program, es- ?wz
pecially as applied to such organizations as the military forces. Controls Es

NEE
EDeE,

are being strengthened as rapldly as ssible. R I
1g | ngt pidsy PO N
An encouraging feature is the absence of demoasirable injxcy to date. ' Q
Indirectly, this supports our delief that no damage will occur off-site. ; u}?
Inhalation _ %34
The maximum severity is the same as {t i off-site. The yrobability of
particle imbalationm is =uch greater. One positive case is known. lLung
content was 0.25 /uc, vhhch is below the permissible daily intake. E
. =
Ingestion
i B . TE
Potential risk is increased, but this is not visualized as the leading e =
hazard, Appendix C applies for the gut irradiation. Sufficient intake ;.: §
to make a damaging dody deposition calls for ingestion of ome of the most ™ E
active known particles per day or 1C of the normal selection of very hot TR g
particles (coded red on our reference maps). s %
. f
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Feasible Protective Measures

On-site control will be obtained by restriction of traffic to main roads

and monitoring of areass, vhere secondary road travel is needed by work crews.
Close cooperation with the AEC on these control proposals has been main-
tained. (Refs.: (1) EM Parker to DF Shaw. Control of Ground Contamination [
BW-32808 8-19/5k. (2) Rough draft reply (to be documented later) DF Shaw

to WE Johnson 8-31-54, (3) Preliminary Advice to management group -
Control of Ground Contamination 8-20-5k)

W mm e v mmams  ————

Present status is that control methods and appropriate signs have been
agreed upon; signs will be made as rapidly as possible. {(estimate -~ 2-3 weeks)

off-site, the cost of complete removal of particles is prohibitive. Partial
clean-up would be feasible if one could be convinced that particles below a
certain level {e.g. 100 mrads per hour) could be ignored.

Clean-Up Work Load - Richland

Detection Limit Method Man-~-Hours
(mrads per hour)

2 by hand 100,000

20 by hand 50,000

¢ 100 motorized 5,000
equipment

The most promising approach is to apply techniques used in defense against
wind erosion of soil, namely to plow or dig irregular trenches in the heavily
infested areas on site. These should preferentially catch particles moved
by the wind. This is be' ng tested experimentally.

Other simplifying technigunsn being considered include the heavy sprinkling

of bad areas with innocuous fluorescent particles to serve as xmonitoring
tracers. ’

For direct protection of personnel, sormal personal hygiene would seem to
provide adequate protection. This supports our feeling that nothing is to
be gained by informing the public of a risk that, off-site, is probably non-
existent. The Dest protection is already being utilized.

Prevention of Recurrence

Process modifications are in the hands of the Engireering Department and
Manufacturing Department and they will be adequately documented elsevhere,
This phase of the work has been energetically pushed throughout the current
year. All recommendations of this department have been fully considered
and appropriate action taxen. Since the mejor modificaticns wvere made

T RN I I X T )
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during the shutdown of June - July 1954, there has been no evidence of
significant particle escape through the system. However, the responsible

organizations are not yet completely assured of the adequacy of the pre-
ventlive measufes. *

Elimination of the head-end treatment and substitution of a tail end treat-
ment is a reserve defense measure that is being carefully studied.

The stack monitor system has undergone substantial changes in the same
period. The Manufacturing Department operates a strip filter at the 20-foot

stack level and will soon have similar systems at the inlet and outlet of
the sand filter, -

The Radiological Sciences Department operates filter-scrubber combinations
at the 20-foot and 190-foot stack levels. These are reliadble systems with
one exception. Sampling should be done under iso-kinetic conditions; this
is not possible at present when the upper sampler can be presented with all
slzes of particles frow the sub-micron range to the one inch pleces from the
stack lining. Those emissions that lead to large particle deposition (and
apparently to the major hazard) may be missed. Development in this field is
being atiempted.

s

L]

Information to the AEC

As the current situation has developed, the Commission has been kept fully
informed by verbal contacts and exhibitions of colored maps, which are more
effective than written reports. We have the Commission's verbal approval
that this method of communication adequately discharges our contractual ob-
ligations in the matter. If and when the condition stabillzes 1t would
seem appropriate to submit a formal analysia. A copy of this repori would
algo provide a general summary for the Commission's use,

Before the close of this week, one copy of the current maps of deposition
in color will be submitted to the AEC.

Also through AEC cooperation, Dr. J. C. Bugher, Director, Division of Biology
and Medlcine, AEC, Washington will visit Richland to review the problem.

The legal aspects of the problem have been discussed with George C. Butler.

Information to the Public ‘ o -

It seems tc be ggreed that if s demonstrable hazard to the public exists,
appropriate releases should be rades officially by the AEC, and in effect
Jointly by the Cormission and the Company. As an intermediate step it may
be determined that state pollution officials should be advised. We have
previously had excellent cooperation from this source in matters of Columbia
River contamination. Tnis point will be decided during Dr. Bugher's visit.
We are vholeheartedly in favor of such a communication.

There is a definite probability that information, or rather aisiaformation,
on the off-site condition will leak to the pudblic in the near future. XNot
all the residents will be as relaxed as the one who wvas recently quoted as
saying, "ILiving in Richland is ideal because wve breathe only tested air.”

To prepare for adverse questions, a suitable press release is being developed

to be held in readiness.
S ﬂH:] AQW& EEH
1 |
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Washington Atomic Energy Commission.
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Notes Added after Consultation with Dr. J. C. Bugher

On September 10 and 11, 1954, the above report and the general particle

contamination problem were discussed with Dr. J. C. Bugher and Dr. R. Albers,
This section will document the prin-
cipal areas of disagreement or modification of emphasis between the con- - -

~ JECLASSIFIER

sultants and ourselves.

a. External)l Radlation

Referring to Section 11, we have limited the discussion on skin re-
actions to the acute stage, including the possible inflammatory pro-
cesses. No major concern vas expressed by the consultants in this
area. Our proposal to make human skin tests was strongly endorsed.

fact, the consultants recommended carrying the tests to more severe re-

actions than we had planned to develop.

On the adverse side, the consultants were quite concerned about the
possible development of late malignant changes in irradiated skin.
One has to concede that this contingency is possible; to make a
realistic appraisal of its probability is difficult.

We have roughly examined the case under three_ populer hypotheses of

carcinogenesis in skin. On the basis of somatic mutation, the hazard

can be completely dismissed, being substantially less than that in-

volved in the conventional permissible weekly dose. On the basis of
subsequent aberrent growth of cells once irradiated to damaging levels
{several thousand rads), the hazard will be low because of the small

total volume of tissue exposed at this level. On the basis of the
effect necessarily following an acute inflammatory condition, the
hazard would be lower than for the second postulate. '

In a recert review of radiation carcinogenesis, Furth and Lorenz

state that "Skin tumors do not develop following irradiation without

an attendant reversible inflammation." They also state that "It is

now well established that a single local exposure is likely to cause
"t

a neoplasm only under exceptional circumstances . . . .

Tn summary, it is my opinion that the probability of tumor inducticn
in off-site personnel, at least, under present possible conditions of

exposure, is 8o small as to be indistinguishable from zero.

Nevertheless, an anima) experimentation program with the specific par-

ticles will be started immediately to test the point.

We also pointed out that worry about carcinogenesis could be eliminated
by making a small excision of tissue at the site of a demonatrable bets

Since this simple defensive measure is apparently considered

ray burn.
ridiculous, I believe that it puts the risk of caacer production in

proper perspective. It would not be ridiculous to identify and mark

for annua) examination all areas exhibiting severe sgkin reaction.

Since the military perronnel on the site appear to be at greatest risk,

such a program for them is being encouraged..

. N
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b. Inhalation

The remote possibility of tumor induction in the lung was implied in
our reservations on the effects of insoluble particles. This point
was raised in our first "particle prodlem” six yeers ago. There has
been little experimental progress to date on this point. The present

particles do not have specific activity as high as those encountered
in other problems.

. Bugher confirmed wy assumption of motion along +he upper respira-
tory tract, my value being quite conservative. An exception would be
the case of an individual with a prior clinical defect in the ciliary

process. Obviously the probability of such a person being involved
is extremely low.

c¢. Ingestion

JECLISSIFER

While conceding ‘che qualitative reliability of the Appendix C, Dr.

Bugher pointed out that trapping of particles in the G. I. tract 1s
quite common, the mouth of appendages such as the secum or appendix
being favored locations. The risk from a large ingested particle is

therefore greater than I had implied. A practical probability will be
derived by animal experimentation.

A

¥ith these exceptions, our g%neral conclusions on the hazard were es-
scntially confirmed by the visitors, and their counsel was apprecilated.
Some of the plans for biological experimentation were discussed in
some detail, and helpful criticisms and suggestlons were recelived.

Summea.ry

A brief account of the widespread contamination arising from ruthenium
emissions in the Redox process is given. Physical nature, radiochemistry
and persistence of the offending particles are outlined. Notes on the
relevant biological and biophysical experimentation bearing on the problem
are given. As a base point, a particle reading 100 mrads per hour on
routine survey has anticipatgd linear dimensions of about LO microns, con-
tains adbout 1.1 ¢ Ru 03,206 gna can give a skin contact dose of about
160,000 rads in 2% hours. It is estimated that this particulate irradia-
tion would be more nearly equivalent to 200-2000 rads (perhagaﬁd 300 rads)
as conventionally given over a small extended area (a few cm”). Inhalation
and ingestion hazards are also considered; with ‘some reservations these are
less likely to be critical under existing conditions of contamination.

Qo
It is suggested that the probability of a significant injury to personnel
oft-site _is so low that -a demonstrable public health hazard does not exist.
On the reservation there appears to be the ,otential for uncomfortable
superficial injury to tissue. No evidence of such injury has been noted.

For convenient reference, the actual and additional feasible defensive
measures are sientioned. Information channels to the AEC and the public are
discussed. Appendices give some dose calculations in more detail, together
with data on density and severity of particle depositions in off-project

locations,
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Notes written after the consultation with Dr. Bugher are included. The

principal ckange in emphasis is in some concern over development of tumors
in irradiated skin areas.

— - IECLASSIFED

Sample Calculation of Skin Dose from Particle Contact

Consider a particle A of u103 ratio of 0.75 with a survey dose rate of ‘;T
100 mrads/nr. The activity of such a particle is about 1.1 fuc, and its £
probable diameter 40 microns. IR
Consider alsc a similar particle B of survey dose rate 1 rad/hr with acti- 1%%
vity 11 nuc and dlameter 120 microns. When particles A and B are in con- $T

tect witﬁ skin, the dose rates in tissue below the particles can be computed
by methods developed independently by W. C. Roesch and J. W. Healy. Such
methods are internally consistent to a factor of 2 and are probably realis~

tic within a factor of three. The doses qucted below are approximate
averages of the two methods.

. Dose~rate
Depth Below Surface -rads per hour

m.Mm. Particle A Particle B
0.07 6,600 27,500
0.1 3,300 16,500
0.2 900 5,500
0.5 90 650
1.0 18 ' 150
5’0 007 6.5
10.0 0.15 1.5

For skin over the greater part of t%g tody, 0.07 mm is the minimum depth o£ I
{nterest, as this corresponds to the thickness of the horny layer (7 mg/em™) *;%

On the palms of the hands and soles of the feet, the minimum thickness of
interest is 0.4 to 0.6 mnm. ‘

The maximum range of the beta partiélea in tissue is about 17 mm, but the
phenomenon is almost entirely 1limited to a practical range of°l0 ym. With-

in this range, the gamma-ray component is less than 1% of the beta-ray com-
ponent andgis not included. © .

#e sssume that tissue has specific gravity l.b. The refinement to the real

specific gravity of 1.02 or 1.03 is not Justifried, due to other uncertainties.

o}
[+

s el
° — v
;
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The average encrgy absorption in hemlapheres centered on the particle
iz of interest, and is approximately as follows:

' | Average Encrgy Abscrption
Radius of Hemisphere . rads per hour _ °
° mm Particle A Particle B
0.3 o 380 . 3000
° 1 , 90 750
2 21 lgG
3 9 5
4 h,5 _ LY
° 5 3 26

o
Throughout the present calculations, it is assumed that survey dose=
rates can be transiated to activity through the relation
L /uc-—-b 90 mrads per hour swxvey °
o

Obviously the relation is a function of ruthenium isotopic ratic. Syn-
thetic sources gave these values: 8

[+]

% ratio mrads/he/ /uc :
a  IRRLISSFED
0.75 : e% ; :
0.5 93 ° Rt
0 15

Refinements in calculation to cover this point are not necessary since
all, computed skin doses may be wrong by a factor of 3. ¥We have chosen a
va%& that weights the results in favor of the more dangerous cowponent
RusW,

Dose in Related Exposure Circumstances

y [+ 30
For couparison, we includs doss data on two familiar casas:

1. It is common radiotherapeutic practice to insert gold seeds con-
taining 1} we radon in tissue. The seeds have 0.3 um gold wall and
the emitted radiation (s primarily gamma, The activity decays with

& half=1ife of 3.8 days and 75% of the energy is released in the
first week,

3>

L °
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Dose data ure:
[«]
Radius Initial Dose 1n Total
e Dose-rate First Week Dose
rads/nr rads rads
o 0.3 9,100 870,000 1,200,000
0.5 3,300 320,000 . 440,000
1,0 820 ,000 110,000
5,0 33 3,200 %,%00
10,0 8.2 800 1,100

o

Such gold seeds produce severs local reaction normally including a necrotic
aren around the seed, Recovery is eventually essentially cowplete, If

we compare this with the radiation pattern of particle B, it wvould appear
that the pattern would be similar to that of a 0.2 me gold seed; once it is
admitted that tissue will die at a radius of about 0,5 wn, the higher dose
at actuwal contact is irrelevant, Therefore one guidepost is that a
particle reading 5 rads/hr survey will shov damage on the sawe order as a
conventional 1 we gold seed implantation,

IX. P32 vata ray exposures with 1 inch diameter disks have besn given up to

about 1000 rads, The cbservable resulis are tanning, prolonged erythema and
some desquamation. The skin eventually recovers.

The dose pattern wes approximately as follows:

Dose

Dapth, Aversge Energy Absorption
_l rads to the Stated Depth (rads)
0,07 ~ 1000 -

0.l , 910 . ~~ 950

0.2 830 ~~ 870

0.5 ' 620 800

1.0 290 ~s 600

2,0 150 ° - _ ~sh50 )

3.0 50 : ~ 350

5,0 13 AT P80 .

Compared with particle irradiation, the dose in this case falls off much more

slovly with depth, This is presunadbly much more damaging. The significant
difference is the large ares irradiated,. We can allow for this by couputing

R e D

¢
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Dimension® Particle A P22 peec Particle A Hours
o _ erga/hr ergs to Equal Disc
0.5 10 19,500 1950
1.0 18 29,000 , 1600
2.0 34 k2,000 1230
3.0 50 50,000 ° 1000
5,0 60 53,000 900

*The dimeusion is the radius of a hemisphere for the particle and the slad
thickness for the disc, so the data are not quite comparadbla,

It the essential phenomeznon oceurs in a dimension of 0.5 to 2.0 mm, about
1500 particle A hours would equal the disc exposwre. That is, particle A
for &0 duys or particle B for 6 days would zive adout 1000 rads equivealent
extended dose. This is not incompatidle w.:h the pig skin exposure data.

This line of reasoning adds some credence to the estivates given in Section

1Q, However, I would expect it possibly to give an underestimate of the
particle hmzard,

Appendix B

e

rradiation of Upper Respiratory Passages

L]

kS

I knovw of no authentic calculations on this point. This section is included

as a target for discusaion.

A 2C A, dilaweter particle is about the upper size limit for deponition in
thiz zone. The relevant contact dcas-rate iz on the order of rads per
hour., The effective rn for heavy irradiation is on the order of 1 mm.
Cilia swvesp the xone at 4 to 6 cycles per second. The prodadility of a
particle remaining within a 1 wm zone for as much as ona-half hour appears to
be vanishingly #n?%. ™orefore total dose 43 limited ¢o lezs than 300 rads.

Protectici. ¥ill also be provided by 4the mucous lining vhich is itself re-
neved several times per hour.

The risk of multiple exposures of consequence in the same area is negligidly
small, o

Thus this hazard does not scem tc de a limiting one.

© TIECLISSIFIED
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Appendix C

Note on Gul Irradiation

Consider the hottest particle detected this year (20 nds/hr survey) to move
uniformly through tha gastro-intestinal trect and be maintained in contact
with the gut wall. The essentia) high dose phenomencn is limited to a range
of not more than 1 =z, This Will de traversed in 1 to 2 secounds. The
contact dcse-rate is shout 150,000 rads per howur.

o« . delivered dose ®= 4O - 80 rads
it follove that serions trouble in the intestine could develop only from in-
gestion of an inconceivadly large number of particles or fron the hold-up in
one location for & consideradble time; this {s not incomeivadle but it does
not appear probadle,

In actual fact, passage through the intestine protected by inert vaste material
with insignificant e ure to the gut wall should de the normal case.
m see also Sectica 17)

Appendix D
Density and Severity of Deposition in Public Areas (as of sbout 9-3-5h)

Rumbex of Square Feat that Contain 1 Measured Particle

Richlund - gensral 2,500

Richland - grossy areas : 1,100
Pazco-Kennewick »,000

Banton City to Exterpriie 3,30

Benton City ¢o Colwmdia Cawp 2,%00

Wahluke Slope 2,000

Nesa (small sawple) 600 i
Counvll 72000  f
Ringold ' X,%00 F
Ringold to Pasco 2,200 had )

Locations ¥sseantially Free from Contamination

Lind, Othello, Colfax, Prosser, Sunnyside, Grandviev, and Yakima
Severity Distridution of Off-8Site Particles

Dose-Rate Range Number Percent

nrads per hour Detected Abundance

L - 7 .

3 5% 13 6.8

100 - 200 28 Ny d

200 - 00 5 ‘Z
oD « KOG 1 0.
- 0 0

0?700 1 Q.35
(1500} 1 0.
288" .

e
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Search methods should £ind all particles reading 5 mreds per howxr or wore, P

but could miss weaker ones. This may explain appirent lov frequercy in first i
dose-~-ratne raunge.,

With the reported distribution, the "average” particle activity is 0.5 Jec.

Tonerefora in grassy sreas of Richland, as an example, there will be adbout 0.5 /nc
per 1000 sq. f£%.

Aride
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